Objective: To evaluate anatomic variations of the biliary tree as applied to living donor liver transplantation. Summary Background Data: Anatomic variability is the rule rather than the exception in liver surgery. However, few studies have focused on the anatomic variations of the biliary tree in living donor liver transplantation in relation to biliary reconstruction. Methods: From November 1992 to June 2002, 165 patients underwent major hepatectomy with extrahepatic bile duct resection; right-sided hepatectomy in 110 patients and left-sided hepatectomy in 55. Confluence patterns of the intrahepatic bile ducts at the hepatic hilum in the surgical specimens were studied. Results: Confluence patterns of the right intrahepatic bile ducts were classified into 7 types. The right hepatic duct was absent in 4 of the 7 types and in 29 (26%) of the 110 livers. Confluence patterns of the left intrahepatic bile ducts were classified into 4 types. The left hepatic duct was absent in 1 of the 4 types and in 1 (2%) of the 55 livers.
L
iving donor liver transplantation (LDLT) is an accepted alternative for patients waiting for cadaveric liver transplantation, especially in countries where the availability of brain-dead donors is severely restricted. The evolution of this procedure has expanded its applicability to the right liver lobe donations.
1,2 A precise understanding of general anatomic principles and common variations is the key to safe LDLT. Despite extensive work on the anatomic and technical aspects of LDLT, 3 few studies have focused on the anatomic variations of the biliary tree in relation to the safety of bile duct division and reconstruction. 4 Misunderstanding of the biliary anatomy can lead to severe postoperative complications. 5 Therefore, we studied the anatomic variations of the biliary tree based on our clinical experience with biliary malignancies to enhance the safety of LDLT.
PATIENTS AND METHODS
Between November 1992 and June 2002, 165 patients underwent major hepatectomy with extrahepatic bile duct resection: right-sided hepatectomy (right hepatectomy and right trisectionectomy) in 110 patients and left-sided hepatectomy (left hepatectomy and left trisectionectomy) in 55. Surgical specimens were used for this study.
After performing cholangiography on the specimen, the extrahepatic bile duct was opened longitudinally from the distal margin of resection to the proximal margin. The specimen was fixed in 10% formalin for several days and serially sectioned at 5-mm intervals. Intrahepatic segmental and subsegmental ducts and extrahepatic bile ducts were identified on the serial sections according to our classification system, which is similar to Couinaud's classification. 6 -8 Subsegmental areas of the liver were identified initially, followed by identification of biliary ducts from the subsegmental ducts to the segmental and sectional ducts. The bile ducts in each section was reconstructed three-dimensionally and drawn on a paper two-dimensionally. We refer to this technique as the "pressed flower method." Histologic extension of cancer along the bile ducts was mapped in each scheme (Fig. 1) . Confluence patterns of the bile ducts at the hepatic hilum were determined using these two-dimensional records. Surgical specimens of right-sided hepatectomies (n ϭ 110) were used to study the confluence patterns of the right intrahepatic and extrahepatic bile ducts (the right anterior and posterior sectional bile ducts, and the right and common hepatic ducts). Surgical specimens of left-sided hepatectomies (n ϭ 55) were used to study confluence patterns of left intrahepatic and extrahepatic bile ducts (the left lateral anterior and posterior segmental ducts, the left medial segmental bile duct, and the left and common hepatic ducts).
9

RESULTS
Confluence Patterns of the Right Intrahepatic Bile Ducts
Confluence patterns of the right intrahepatic bile ducts were classified into three patterns according to the anatomic relation between the right posterior sectional bile duct and the portal vein ( Fig. 2) : supraportal pattern (n ϭ 91) in which the right posterior sectional bile duct ran dorsally and cranially to the right or the right anterior portal vein and joined with the distal bile duct at its cranial side; infraportal pattern (n ϭ 13) in which the right posterior sectional bile duct ran ventrally and caudally to the right or the right anterior portal vein and drained into the distal bile duct at its caudal side; and combined pattern (n ϭ 6) in which some parts of the right posterior sectional bile duct entered the distal bile duct supraportally and the remaining parts of the right posterior sectional bile duct joined with the distal bile duct infraportally. The 91 cases of the supraportal pattern were classified into three subtypes ( Fig. 3) : the right posterior sectional bile duct joined with the right anterior sectional bile duct, forming the right hepatic duct (type A, n ϭ 72); the right posterior sectional bile duct entered the confluence of the right anterior sectional bile duct and the left hepatic duct (type B, n ϭ 6); the right posterior sectional bile duct drained into the left hepatic duct (type C, n ϭ 13). In 1 of the 72 type A cases, a dorsal subsegmental branch of the right anterior inferior bile duct joined with the cystic duct. The 13 cases with the infraportal pattern were classified into two subtypes: the right posterior sectional bile duct joined with the right anterior sectional bile duct, forming the right hepatic duct (type D, n ϭ 8); and the right posterior sectional bile duct entered the common hepatic duct (type E, n ϭ 5). Six cases of a combined pattern also were classified into two subtypes: a portion of the right posterior sectional bile duct joined with the right anterior sectional bile duct infraportally, becoming the right hepatic duct, and the remaining parts of the right posterior sectional bile duct entered the right hepatic duct supraportally (type F, n ϭ 1); and a portion of the right posterior sectional bile duct joined with the common hepatic duct infraportally and the remaining parts entered the left hepatic duct supraportally (type G, n ϭ 5). The right hepatic duct was absent in types B, C, E, and G.
Confluence Patterns of the Left Intrahepatic Bile Ducts
Confluence patterns of the left intrahepatic bile ducts were classified into four types according to confluence patterns of the left medial sectional bile duct (Fig. 4) . The left medial sectional bile duct drained into the left lateral sectional bile duct in type H (n ϭ 43); the left medial sectional bile duct entered the confluence of the left lateral anterior and posterior segmental bile ducts in type I (n ϭ 2); the left medial sectional bile duct joined with the left lateral anterior segmental bile duct in type J (n ϭ 9); the left medial sectional bile duct entered the hepatic confluence in type K (n ϭ 1); and the left hepatic duct was absent in type K. In one case of type J, the left lateral anterior segmental bile duct ran caudally to the umbilical portion of the left portal vein: (type J').
DISCUSSION
Compared with cadaveric liver transplantation, LDLT offers several advantages: a large number of organs available for children; elective basis for transplantation, resulting in FIGURE 1. Two-dimensional map of the confluence patterns of intrahepatic and extrahepatic bile ducts and cancer extension along the bile ducts (the "pressed flower method"). Numbers refer to the Couinaud's segment. 1li, left inferior branch; 1ls, left superior branch; 1c, caudate process branch; 1r, right branch; 4a, inferior branch; 4b, superior branch; 4c, dorsal branch; 5a, ventral branch; 5b, dorsal branch; 5c, lateral branch; 6a, ventral branch; 6b, dorsal branch; 6c, lateral branch; 7a, ventral branch; 7b, dorsal branch; 7d, medial branch; 8a, ventral branch; 8b, lateral branch; 8c, dorsal branch; 8d, medial branch; and GB, gallbladder. 
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Bile Ducts at Hepatic Hilum lower morbidity, mortality, and overall cost; the absence of primary nonfunction resulting from minimal cold ischemia time and the use of healthy donor; and theoretical immunologic advantages, as suggested by a lower incidence of steroid-resistant rejection. 10 Despite these technical and immunologic advantages, biliary complications remain one of the most common problems in LDLT and occur in approximately 30% of the cases. 10, 11 Careful attention to the bile duct must be paid not only in recipients but also in the donor organ. As anatomic variations of the biliary tree are very common, incomplete appreciation of the segmental biliary anatomy can lead to complications. Although Huang et al 12 studied the confluence patterns of the biliary tree using endoscopic retrograde cholangiography, this is the first study to report anatomic variations of the hepatic confluence in relationship to the portal vein using surgical specimens.
As right liver harvesting has become increasingly common, 13, 14 knowledge of the anatomic variations of the right intrahepatic bile ducts is very important. In the current study, the right hepatic duct was absent in 29 (26%) of the 110 cases. When harvesting a donor without a right hepatic duct, two or more orifices of the bile ducts will be present in plane of transection of the graft. Biliary reconstruction of these variants is complicated and technically difficult. When the supraportal pattern is present (types B, C), the stump of the right posterior sectional bile duct is present cranial to the right anterior portal vein (Fig. 5A ). In cases of the infraportal pattern (type E), the orifice opens caudally to the right anterior portal vein (Fig. 5B) . In cases of the combined pattern (type G), stumps are present both cranially and caudally (Fig. 5C ). It is essential that both stumps must be reconstructed when they are present. Furthermore, particular care must be taken in harvesting the left liver from a donor with a type C or G variant. As the right posterior sectional bile duct will be divided from the left hepatic duct in these cases, oversight or ligation of the stump of the right posterior sectional bile duct will lead to biliary leakage or obstruction in the donor. Although the confluence pattern of the left intrahepatic bile ducts has been reviewed by Reichert et al, 15 they did not encounter the type K variant. When harvesting the left liver from a donor with this rare variant, overlooking the stump of the left medial sectional bile duct will lead to biliary complications. Type J' also is a rare, but critical, variant. In harvesting the left lateral section from a donor with this variant, stumps of the left lateral posterior and anterior segmental bile (Fig. 6 ). The stump of the left lateral anterior segmental bile duct can easily escape the notice. In LDLT, the biliary anatomy of the donor usually is evaluated using intraoperative cholangiography. 1, 16 The surgeon must make a snap decision as to the biliary anatomy and its relationship to the line of transection. When the right posterior sectional bile duct drains into the left hepatic duct, it runs supraportally; and when the right posterior sectional bile duct enters the common hepatic duct, it runs infraportally. Familiarity with the variations of the hepatic confluence, especially types B, C, E, G, J', and K, will decrease the likelihood of surgical misadventure.
